Biliary atresia (BA) is the result of a process of unknown etiology which can occur as an isolated lesion or in association with several congenital abnormalities and remains the main indications of liver transplantation among infants. One of the malformations associated with biliary atresia is Situs inversus totalis, which is a rare congenital abnormality found in 10% -20% of infants with biliary atresia and presents an incidence varying from 1:5000 to 1:20,000. This case report aims to present an extremely rare case of a patient with Situs inversus associated with biliary atresia, polysplenia and abscence of inferior vena cava that underwent liver transplantation. Case Report: A 10-month-old boy was referred to our hospital with the diagnosis of cirrhosis, due to biliary atresia. Abdominal ultrasound and Doppler scan showed the liver in the left upper quadrant as well as signs of chronic liver disease. In addition, we could notice that the spleen had several lobes, suggesting polysplenia, and was positioned in the right upper quadrant. The patient underwent living donor liver transplant. His mother was the donor and the graft, segment III, was positioned in the left upper quadrant associated with a Y en Roux reconstruction of the biliary tract. During the first post-operatory day, the patient presented signs of disseminated sepsis. Laboratory and imaging diagnostic tests were performed presenting a small intestinal malrotation associated with diffuse ischemia. The patient died at the third day of PO due to complications related to this condition. Conclusion: Any patient with Situs inversus with acute abdomen should be aggressively investigated for other structural and biochemical abnormalities. If liver transplant is indicated, the procedure can be successfully performed.
Introduction
Biliary atresia (BA) is the result of a process of unknown etiology which leads to the complete obstruction or disappearance of part or all of the bile ducts in young infants. The frequency has been estimated to be 0.5 -1.0 per 10,000 live births [1] . It can occur as an isolated lesion or in association with several congenital abnormalities and remains as one of the main indications of liver transplantation among infants.
In 1959, Kasai and Suzuki reported that infants with biliary atresia could be submitted to a hepatoportoenterostomy (HPE) in order to improve their prognosis. Nevertheless, it was reported that HPE did not prevent the progession of the liver fibrosis and, consequently, cirrhosis. Therefore, an orthotopic liver transplantation is still indicated, specially in those cases of persistent cholestasis. Many reports have focused on this matter such as prognostic factors after Kasai procedure and timing for OLT [2] - [4] .
One of the malformations associated with biliary atresia is Situs inversus totalis, which is a rare congenital abnormality found in 10% -20% of infants with biliary atresia and presents an incidence varying from 1:5000 to 1:20,000 [5] [6] . Situs inversus indicates mirror-image location of the viscera relative to situs solitus, which is the orthotopic position of the organs. It provides a unique challenge to the surgical team since it is often associated with BA.
There are two major subcategories of Situs inversus: Situs inversus with dextrocardia and Situs inversus with levocardia. Situs inversus with dextrocardia is more common and is characterized by mirror-image location of the heart and viscera relative to situs solitus, with the cardiac apex, spleen, stomach, and aorta located on the right and the liver and inferior vena cava (IVC) located on the left side of the body. Congenital heart disease occurs in 3% -5% of cases [7] .
The branching pattern of the biliary tract and the location of the gallbladder in Situs inversus are mirror image relative to situs solitus. In a study by Mayo and Rice, seven of 76 patients with Situs inversus had abnormalities of the biliary tract or gallbladder. Two of the seven patients were infants with biliary atresia, and five were adults with cholelithiasis and cholecystitis [7] .
This case report aims to present an extremely rare case of a patient with Situs inversus associated with biliary atresia, polysplenia and abscence of inferior vena cava that underwent liver transplantation.
Case Report
A 10-month-old boy was referred to our hospital with the diagnosis of cirrhosis, due to biliary atresia. An unsuccessfully Kasai procedure was performed at 8 weeks of age (Figure 1) . At the time, he presented history of jaundice, acholic stools and dark urine since 7 days of life, persisting to this present moment.
At physical examination the child weighted 5720 g and was 49 cm tall. Chest and abdominal examination showed a right side cardiac apex and the liver positioned at the left upper quadrant. Laboratory tests revealed a total bilirrubin of 18.2 mg/dl, a prothrombin time (RNI) of 1.25 and serum albumin of 2.3 mg/dl. Abdominal ultrasound and Doppler scan showed the liver in the left upper quadrant as well as signs of chronic liver disease. In addition, we could notice that the spleen had several lobes, suggesting polysplenia, and was positioned in the right upper quadrant. Echocardiogram revealed a increase of the left of ventricule which confirmed the diagnosis of Situs inversus totalis with dextrocardia and normal cardiac chambers.
The patient underwent living donor liver transplant (Figure 2) . His mother was the donor and a monosegment, segment III, was obtained after left lateral segmentectomy. During the recipient hepatectomy, the liver was positioned in the left upper quadrant, as shown in Figure 2 , which also demonstrate the presence of polysplenia and inferior vena cava absence.
The left hepatic vein of the graft was anastomosed to the thoracic inferior vena cava (Figure 3) . The left portal vein was anastomosed to the recipient portal vein (Figure 4 ) and hepatic artery of the recipient to the left hepatic artery of the donor graft ( Figure 5) . Biliary reconstruction was performed using a Roux-in-Y hepaticojejunostomy (Figure 6, Figure 7) . During the first postoperative day the patient presented signs of disseminated sepsis. During laparotomy a small intestine rotation associated with diffuse intestinal ischemia was found. Small bowel resection of the ischemic portion was performed. The patient died at the third day of PO due to complications related to bacterial translocation and sepsis caused by the small intestinal malrotation.
Discussion
The patient had Situs inversus totalis with polisplenia, dextrocardia with no cardiac chambers alterations, absence of inferior vena cava and biliary atresia. According to Tawfik et al., cardiac anomalies are generally less common in polysplenia syndrome when compared with others malformations [7] [8] . Also, the association of Situs inversus totalis and polysplenia has been briefly described in literature, however, it is unclear which malformations come first or even whether if they are actually associated with since they can be found independently. Polysplenia must be differentiate from polysplenia syndrome, known as one heterotaxy syndrome, which has not only the presence of multiple aberrant splenic nodules but also the presence of abnormal organs arrangement and isomerism of the left atrium.
Situs inversus totalis (SIT) is a very uncommon entity with a wide range of other conditions associated with. It was first reported by Fabricius in 1600 [9] .
The incidence of Situs inversus totalis in patients with polysplenia described in the study by Tawfik et al. was more than 20% [8] . In another study, Situs inversus was present in four out of ten infants with polysplenia, three of whom had biliary atresia [10] . Representing an important factor to be considered in infants with abnormal organs arrangements.
The biliary atresia remains the main indication for orthotopic liver transplantation in small children but also the surgical team must consider the possibility other malformations are commonly associated with polysplenia such as abscense of inferior vena cava, which generally continues on azygous, and makes the liver transplant in these situations more difficult and a challenge for the surgical team [8] .
According to Broniszczak et al., 2011 , during 2000 to 2010 were performed 401 liver transplants among which 358 were in children including 6 patients with biliary atresia and polysplenia. Of these we found a wide range of malformations such as: absence of retrohepatic vena cava [3] , intestinal malrotation [3] , portal vein preduodenal [1] , hepatic artery abnormalities [3] , cardiac abnormalities [2] and Situs inversus [10] .
Once biliary atresia coexists with congenital malformations in 10% -25% of patients we are once again forced to look after a more complex diagnosis [11] - [13] . In the case presented in this report, we speculate that might have been a teratogenic insult about the fifth week of gestation, when the spleen and extrahepatic biliary ducts begin to develop may lead to biliary atresia and polysplenia syndrome. While for Chandra et al. Situs inversus is decided by the third week, related probably as several genes mutations, such as CFC1, SHROOM3, and others.
One other important complication frequently associated with this condition is the abnormal intestinal malrotation, which could be found in 40% to 90% in this patient population [14] [15] . Members of the surgical team must be aware of this complication although the treatment algorithm for evaluating and treating suspected malrotation in asymptomatic patients with Situs inversus remains inconsistent [16] .
Other cases similar to this one were reported in the Liver Transplantation Journal. One of those were a retrospective review of all pediatric patients undergoing LDLT from October 1995 to October 2012 in order to select patients with Situs inversus and other conditions associated with this entity. Nine patients were found and like our case, presented biliary atresia as the indication for liver transplantation. The recipients presented ages ranging from 6 to 22 months of old and five of them had previously undergone the Kasai operation. As for the vascular anatomy, the retrohepatic vena cava was also absent for 7 of the 9 patients, representing an important malformation associated with Situs inversus. Other similarity of this article with our case was the small bowel perforation complication also found in one patient from the series [17] .
Follow-up and prognosis of patients with SI who underwent liver transplantation depends on which malformation was associated to this condition. Nevertheless, according to early reports [17] - [19] the liver transplant can be successfully performed in this kind of patient. A follow-up of the vascular anastomosis must be performed with a doppler ultrasound every six months in the first two years to evaluate the patency and the success of the procedure.
Conclusions
Any patient with Situs inversus with acute abdomen should be aggressively investigated for other structural and biochemical abnormalities that could potentially be associated such as biliary atresia, polysplenia and absence of inferior vena cava.
If liver transplant is indicated, the procedure can be successfully performed. Although, the vascular anomalies and graft positioning could represent a technical challenge for the surgical team.
